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HOHFWULFDOHQHUJ\VDYLQJV&RQVLGHULQJWKHVHUHTXLUHPHQWVWKHOLJKWLQJV\VWHPKDVWREHLPSOHPHQWHGVXFKDQDXWRPDWLFFRQWURO
V\VWHPZLWKQHJDWLYHIHHGEDFN7KHEHKDYLRURIWKHDXWRPDWLFOLJKWLQJV\VWHPZLOOGHSHQGPDLQO\RQWKHFRQWUROOHUEHKDYLRU,Q
WKHSUHVHQWSDSHUDIHHGIRUZDUGDUWLILFLDOQHXUDOQHWZRUN)$11ZDVFKRVHQWRFRQWUROWKHOLJKWLQJSURFHVVXVLQJWKH&RQWURO
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WKHOHDUQLQJUDWHRIWKH)$11QHHGVWRKDYH
YHU\VPDOOYDOXHVDQGLQDVKRUWUDQJH7RUHPRYHWKLVVKRUWFRPLQJLQSUHVHQWSDSHULVSURSRVHGDPRGLILHGOHDUQLQJHUURUZKLFK
DOORZV WKH OHDUQLQJUDWH WRKDYHDZLGHUUDQJHRIYDOXHV IRUZKLFK WKHDXWRPDWLF OLJKWLQJFRQWUROV\VWHPKDVDJRRGEHKDYLRU
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,QWURGXFWLRQ
6LQFH5RVHQEODWWSURSRVHGWKH3HUFHSWURQPRGHOWKHILUVWDUWLILFLDOQHXUDOQHWZRUN$11ZKLFKFDQOHDUQIURP
H[DPSOH WKH $11V UHDFK WKH DWWHQWLRQ RI WKH UHVHDUFKHU DQG HQJLQHHUV 1RZDGD\V GXH WR WKHLU OHDUQLQJ DQG
DSSUR[LPDWLRQFDSDELOLWLHVWKH$11VEHFDPHDFRPIRUWDEOHFKRLFHUHJDUGLQJWKHSURFHVVLGHQWLILFDWLRQDQGFRQWURO
,Q >@ WKHDXWKRUVXVHGDV WKHRQOLQH V\VWHP LGHQWLILHUD1$5;PRGHOEDVHGRQDNLQGRI IHHGIRUZDUGDUWLILFLDO
QHXUDOQHWZRUNEDVHGRQZDYHOHWDQDO\VLVNQRZQDVUHFXUUHQWZDYHOHWQHXUDOQHWZRUN7KHLGHQWLILFDWLRQUHVXOWVDUH
XVHGLQDSUHGLFWLYHVKLSFRXUVHFRQWUROVLPXODWLRQWRVKRZVWKHHIIHFWLYHQHVVRIWKHSURSRVHGLGHQWLILFDWLRQPHWKRG
DQGFRQWUROVWUDWHJ\7KHDXWKRUVIURP>@XVHWKHQHXUDOQHWZRUNSUHGLFWLYHFRQWUROVWUDWHJ\WRFRQWURODFRQWLQXRXV
VWLUUHG WDQNUHDFWRU)RUSURFHVV LGHQWLILFDWLRQ LWZDVXVHG WZR W\SHVRID)$110XOWL/D\HU3HUFHSWURQ±0/3
5DGLDO%DVLV)XQFWLRQ±5%)DQGDQ$GDSWLYH1HXUR)X]]\,QIHUHQFH6\VWHP$1),6<DQJDQG:XSURSRVHLQ
>@DQDGDSWLYHFRQWUROVFKHPHEDVHGRQDUWLILFLDOQHXUDOQHWZRUNQRQOLQHDULGHQWLILFDWLRQIRUDQ LQGXFWLRQPRWRU
DQGVKRZWKHEHWWHUDGDSWDELOLW\DQGVWURQJHUVWDELOLW\RIWKLVFRQWUROV\VWHPRYHUWKH3,'FRQWUROV\VWHP,Q>@WKH
DXWKRUV VLPXODWH YLD WKH 0DWODE 6LPXOLQN PRGHOV WKH FRQWURO RI DQ 8QPDQQHG $HULDO 9HKLFOH XVLQJ WKH PRGHO
UHIHUHQFHFRQWUROVWUDWHJ\EDVHGRQWZR$11VILUVW$11LVXVHGIRUSURFHVVLGHQWLILFDWLRQDQGWKHVHFRQGLVXVHGDV
FRQWUROOHU7KHSODQWPRGHOLV LGHQWLILHGILUVWDQGWKHQWKHFRQWUROOHU LV WUDLQHGVRWKDW WKHSODQWRXWSXWIROORZVWKH
UHIHUHQFHPRGHORXWSXW7UDQDQG7DQXVHLQ>@D)$11WRPRGHOWKHQRQOLQHDUUHODWLRQEHWZHHQGLPPLQJOHYHOVRI
/('OXPLQDLUHVDQGLOOXPLQDQFHWDEOHVLQFDVHRIDQHWZRUNHG/('OLJKWLQJV\VWHP7KHREWDLQHGQHXUDOPRGHOLV
XVHG LQ VLPXODWLRQ LQ D VHQVRUOHVV LOOXPLQDWLRQ FRQWURO 7KH H[SHULPHQWDO UHVXOWV VKRZ WKH HQHUJ\ VDYLQJ
IXQFWLRQDOLW\RIWKHSURSRVHGDSSURDFK
7KHDXWRPDWLFOLJKWLQJFRQWUROV\VWHP
7KH XVHG H[SHULPHQWDO VWDQG LV WKH VDPH RQH XVHG LQ >@ DQG LV SUHVHQWHG LQ )LJ D DQG LV FRPSRVHG E\ WKH
IROORZLQJFRPSRQHQWVWKHFRPSXWHUWKHWHFKQRORJLFDO LQVWDOODWLRQWKHOLJKWLQJVHQVRUGDWDDFTXLVLWLRQ
ERDUGDQGWKHZRUNLQJSODQH7KHFRPSXWHUUHSUHVHQWVWKHFDOFXODWLRQPDFKLQHRQZKLFKZLOOUXQWKHFRGH
PDFKLQH VRXUFH RI WKH XVHG DUWLILFLDO QHXUDO QHWZRUN 7KH WHFKQRORJLFDO LQVWDOODWLRQ LV FRPSRVHG E\ WKH OLJKWLQJ
SURFHVVDFFRPSOLVKHGZLWKWZR:ZDUPZKLWHIOXRUHVFHQWODPSVDQGWKHH[HFXWLRQHOHPHQWDFFRPSOLVKHGZLWK
WKH IROORZLQJPRGXOHV SURGXFHG E\7ULGRQLF D'6,$' FRQYHUWHU DQG D GLJLWDO EDOODVW 3&$(;&(/7KH
OLJKWLQJVHQVRUUHSUHVHQWVDPXOWLIXQFWLRQDO/5,VHQVRUSURGXFHGE\3KLOOLSV7KHGDWDDFTXLVLWLRQERDUGKDV
WZRE\WHFRQYHUVLRQFKDQQHOVRQH$'FKDQQHOXVHGIRU WKHDFTXLULQJRI WKHGDWD IURPOLJKWLQJVHQVRUDQG WKH
RWKHU FKDQQHO D'$ FKDQQHO XVHG WR VHQG WKH FRPPDQG IURP FRPSXWHU WR WKH H[HFXWLRQ HOHPHQW  7KHZRUNLQJ
SODQHUHSUHVHQWVWKHVXUIDFHRIWKHGHVNRQZKLFKWKHXVHURIWKHDXWRPDWLFOLJKWLQJFRQWUROV\VWHPH[HFXWHVGLIIHUHQW
RIILFHWDVNV

 
)LJ7KH$/&6D7KHH[SHULPHQWDOVWDQGEEORFNGLDJUDP
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,Q)LJELVSUHVHQWHGWKHEORFNGLDJUDPRIWKHXVHGDXWRPDWLFFRQWUROV\VWHPZKHUHZDVGHQRWHGE\(HOHFWULF±
WKH HOHFWULF LOOXPLQDFH ZKLFK UHSUHVHQWV WKH LOOXPLQDQFH OHYHO RQ ZRUNLQJ SODQH GXH WR WKH HOHFWULF OLJKW WKH
IOXRUHVFHQWODPSV(GD\OLJKW±WKHGD\OLJKWLOOXPLQDQFHUHSUHVHQWVWKHLOOXPLQDQFHOHYHORQZRUNLQJSODQHGXHWRWKH
DPRXQWRIGD\OLJKWWKURXJKWKHURRPZLQGRZ(UHDO±WKHUHDOLOOXPLQDFHUHSUHVHQWWKHLOOXPLQDQFHOHYHORQZRUNLQJ
SODQH GXH WR WKH VXPPDWLRQ RI (HOHFWULF DQG (GD\OLJKW (PHDVXUHG ± WKH PHDVXUHG LOOXPLQDQFH UHSUHVHQWV WKH UHDO
LOOXPLQDQFH OHYHO RQZRUNLQJ SODQHPHDVXUHG E\ WKH$' FKDQQHO RI WKH DFTXLVLWLRQ ERDUG(GHVLUHG ± WKH GHVLUHG
LOOXPLQDQFHUHSUHVHQWVWKHGHVLUHGLOOXPLQDQFHRQZRUNLQJSODQHX±WKHFRPPDQGDSSOLHGWRWKHOLJKWLQJSURFHVV
WKURXJKWKHDFTXLVLWLRQERDUG'$FKDQQHODQGWKHH[HFXWLRQHOHPHQWSUHVHQWHGDERYH'EORFNUHSUHVHQWDGHOD\
QHW XVHG WR FUHDWH DW LWV RXWSXW D YHFWRU RI SDVW YDOXHVRI WKH VLJQDOZKLFK LV DSSOLHG WR WKHEORFN LQSXW 6EORFN
UHSUHVHQWDVHOHFWRUXVHWRVHOHFWZKLFKYHFWRURILOOXPLQDQFHSDVWYDOXHVLVDSSOLHGWRWKHLQSXWRIWKHUHJXODWRU
7RDFKLHYHWKHSURFHVVFRQWUROWDVNWKH&RQWUROE\(VWLPDWLRQ,WHUDWLYH$OJRULWKP&(,$ZDVXVHG7KH&(,$
ZDVSURSRVHGE\*ULILQ>@,QFDVHRIWKLVFRQWURODOJRULWKPWKHUHJXODWRULPSOHPHQWHGE\DQIHHGIRUZDUGDUWLILFLDO
QHXUDOQHWZRUN)$11LVXVHGDVDQHVWLPDWRURIWKHFXUUHQWFRPPDQGEDVHGRQWKHSDVWYDOXHVRIWKHFRPPDQG
DQG LOOXPLQDQFH 6KRUWO\ GHVFULEHG WKH &(,$ KDV WZR PDLQ WDVNV ILUVW WDVN LV WKH HVWLPDWLRQ SURFHVV ZKLFK LV
SHUIRUPHGE\WKH)$11E\FRPSXWLQJWKHFXUUHQWGHVLUHGFRPPDQGXN77LVWKHVDPSOHWLPHN «XVLQJ
WKHSDVWYDOXHVRIFRPPDQGXN7DQGXN7DQG WKHSDVWYDOXHVRIGHVLUHG LOOXPLQDQFH(GHVLUHG N7
(GHVLUHGN7DQG(GHVLUHGN7WKHVHFRQGWDVNUHSUHVHQWWKH)$11WUDLQLQJSURFHVVSHUIRUPHGFRQVLGHULQJWKH
OHDUQLQJHUURUJLYHQE\
a N7XN7XN7  H   
ZKHUH WKH a N7X UHSUHVHQW WKH FRPPDQG FDOFXODWHG E\ WKH )$11 FRQVLGHULQJ DW LWV LQSXWV WKH SDVW YDOXHV RI
FRPPDQGXN7DQGXN7DQGWKHSDVWYDOXHVRIWKHPHDVXUHGLOOXPLQDQFHRQZRUNLQJSODQH(PHDVXUHGN
7(PHDVXUHGN7DQG(PHDVXUHGN77KHFODVVLFDOJHQHUDOLVHG'HOWD>@UXOHZDVXVHGIRUWUDLQLQJWKH
)$11
7KHUHJXODWRULVLPSOHPHQWHGE\D)$11ZLWKILYHLQSXWVDQGRQHRXWSXW7KHILUVWWZRLQSXWVDUHXVHGIRUWKH
SDVW YDOXHV RI FRPPDQG DQG WKH QH[W WKUHH LQSXWV DUH XVHG IRU WKH SDVW YDOXHV RI WKH LOOXPLQDQFH 7KH )$11
FRQVLVWVRIWKUHHOD\HUVWKHLQSXWOD\HUWKHKLGGHQOD\HUDQGWKHRXWSXWOD\HU7KHKLGGHQOD\HUKDVVL[QHXURQVOLNH
LQ>,QWHU,QJ@ZLWKK\SHUEROLFWDQJHQWW\SHDFWLYDWLRQIXQFWLRQ7KHQHXURQIURPWKHRXWSXWOD\HUKDVWKHOLQHDU
ZLWKVDWXUDWLRQW\SHDFWLYDWLRQIXQFWLRQ
([SHULPHQWDOUHVXOWV
,QWKHFDVHRIWKHXVHGSURFHVVDOLJKWLQJSURFHVVWKHKXPDQH\HSHUFHSWLRQLVWKHPDLQIDFWRUIRUWKHVHWWOHPHQW
RIWKHSHUIRUPDQFHVZKLFKKDYHWREHVDWLVILHGE\WKH$/&67KHDVVHVVHGSHUIRUPDQFHVDUHWKHRYHUVKRRWRIWKH
$/&6UHVSRQVHVKRXOGEHOHVVRUHTXDOWR>@DQGWKHVWHDG\VWDWHHUURUVKRXOGKDVYDOXHVOHVVDVr(GHVLUHG
7KHGHVLUHGLOOXPLQDQFHOHYHORQZRUNLQJSODQHLV(GHVLUHG O[GEY7KHPHDQLQJRIDEEUHYLDWLRQGEYLV³GLJLWDO
ELWVYDOXH´7KHYDOXHO[GEYUHSUHVHQWVWKHHTXLYDOHQWYDOXHREWDLQHGE\FRQYHUVLRQZLWKWKHDFTXLVLWLRQERDUG
$'FKDQQHORI WKH O[ LOOXPLQDQFH OHYHOPHDVXUHGRQ WKHZRUNLQJSODQHE\DQDQDORJ LOOXPLQDQFHPHDVXULQJ
GHYLFH7KHVDPSOLQJWLPHLVVHW WRVHFRQGV7KHH[SHULPHQWVZHUHDFKLHYHGXQGHUWKHQLJKWFRQGLWLRQ7KH
)$11LVLPSOHPHQWHGLQ&ODQJXDJHDQGUXQRQWKHFRPSXWHUIURP)LJD
,Q )LJ  DUH GHSLFWHG WKH VWHS UHVSRQVH IDPLO\ ZKHQ WKH OHDUQLQJ UDWH J LV YDULDEOH 7KH LQFUHDVLQJ RI WKH
OHDUQLQJ UDWH ZLOO UHGXFH WKH WUDQVLHQW SHULRG EXW ZLOO LQFUHDVH WKH RYHUVKRRW $QDO\]LQJ )LJ  WKH $/&6 VWHS
UHVSRQVHLVZLWKRXWRYHUVKRRWRUWKHRYHUVKRRWLVOHVVWKDQIRUDOHDUQLQJUDWHOHVVRUHTXDOWKDQ
7R LQFUHDVH WKH UHDFWLRQ VSHHG RI WKH $/&6 DQG WR H[WHQG WKH YDOXHV LQWHUYDOV IRU OHDUQLQJ UDWH WKH DXWKRUV
SURSRVHWKHIROORZLQJOHDUQLQJHUURU
a N7(N7(*N7XN7XN7 PHDVXUHGGHVLUHG(  'H  
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ZKHUH*'(UHSUHVHQWVWKHJDLQRIFRQWUROHUURU7KHUHVXOWVSUHVHQWHGLQ)LJZDVDFKLHYHGFRQVLGHULQJWKHOHDUQLQJ
HUURUFDOFXODWHGZLWK*'( $OOYDOXHVRIWKHYDULDEOHVIURPDQGWKH)$11LQSXWRXWSXWYDOXHVDUHPDSSHGWR
WKHUHDOGRPDLQ>@
&RQVLGHULQJWKHYDULDEOH*'(WKHDXWKRUVSHUIRUPHGDVWXG\UHODWHGWRWKHLQIOXHQFHVRIWKLVSDUDPHWHULQWHUPVRI
WKH$/&6 VWHS UHVSRQVH7KH VWXG\ZDV DFKLHYHG IRU WKH OHDUQLQJ UDWH YDOXHV IRUZKLFK WKH$/&6 VWHS UHVSRQVH
RYHUVKRRWLVRYHU)RUHDFKYDOXHRIWKHOHDUQLQJUDWHZDVDFTXLUHGWKHVWHSUHVSRQVHIDPLO\FRUUHVSRQGLQJWR
WKH LQFUHDVLQJ WKH*'(SDUDPHWHU IURP WRZLWKDVWHSRI$IWHU WKHDQDO\]LQJRIHDFKVWHSUHVSRQVH
IDPLO\ ZDV VHOHFWHG WKH YDOXHV GRPDLQ IRU*'( VHH WKH VHFRQG FROXPQ RI 7DEOH  IRU ZKLFK WKH $/&6 VWHS
UHVSRQVHVKDYHDQRYHUVKRRWOHVVRUHTXDOWRDQGWKHPD[LPXPWUDQVLHQWSHULRGLVOHVVWKDQVHFRQGV,QWKH
WKLUG FROXPQ RI WKH 7DEOH  IRU HDFK OHDUQLQJ UDWH LV SUHVHQWHG WKH PLQLPXP YDOXH RI WKH WUDQVLHQW SHULRG
FRUUHVSRQGLQJWRWKHPD[LPXPYDOXHRI*'(7KHPLQLPXPWUDQVLHQWSHULRGLVOHVVVHFRQGVIRUJ>@DQG
RYHUVHFRQGVIRUWKHUHVW7KHKLJKHUWKHOHDUQLQJUDWHWKHPRUHWKH*'(GRPDLQQDUURZV
7DEOH7KH*'(GRPDLQVDQGWKHPLQLPXPWUDQVLHQWSHULRGFRUUHVSRQGLQJWRWKH)$11OHDUQLQJUDWHV
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